body mass index (BMI), waist circumference (WC), skin-fold thickness (SFT) and poor physical activity levels (PAL) (6) . However, hypertension would not appear in all obese patients. Differences in adiposity distribution may contribute to the heterogeneity dependent manifestations of obesity (7, 8) . The BMI is a crude index of body fat mass (BFM), which may not distinguish abdominal obesity from other types of obesity. Abnormal fat distribution may exist in normal weight subjects with high blood pressure (9) . In some studies, WC as an indicator of abdominal obesity has been associated with hypertension independent of BMI (3) (4) (5) . However, some studies found BMI, WC and waist to hip ratio similar in degree of association with the prevalence of hypertension (3, 10) and other reported BMI to be more predictive than WC and BFM (11) . Other indexes, also, were tested in the relationship with blood pressure and metabolic disorders. As an example, a body shape index (ABSI) more associated with blood pressure than BMI or WC (12, 13) . People who deposit fat viscerally rather than elsewhere in the body are at higher risk for hypertension (7, 14) and alterations in the localization of body fat throughout life are associated with an increase in blood pressure (15) . On the contrary, a few studies reported the association of lean body mass (LBM) with blood pressure (2, 16) . Physical activity level and nutritional intakes, also, were associated with percent body fat (17) (18) (19) and may interact with site-specific adipose tissue accumulation in controlling blood pressure. Physical activity may play a role in decreasing blood pressure and cardiovascular disease by several mechanisms. However, hypertension remains the most prevalent cardiovascular risk factor among athletes (20) (21) (22) and a relevant proportion of middle-aged athletes had masked hypertension (23) . Since the relative contributions of the distribution of body composition to blood pressure in active young adults may be different from that in other populations, the purpose of this study was to determine which portion of the body composition, fat or lean body mass is more influencing blood pressure in physical education and sport teaching students in the city of Ankara.
Materials and Methods

Study population
This cross-sectional study was approved by the Bioethical Committee of the Gazi University (Ankara, Turkey). Data was collected during the 2014 school year from physical education and sport teaching department in the city of Ankara. The study population invited through announcements posted on the wall at the university and included self-referred 75 male and 58 female students, aged 20 to 35. All students from fourth grade of four university degrees including physical education-sport teacher and trainer education with sport as compulsory course and degrees of sport management and recreation with sport as optional/elective course were invited to participate. The subject of the project was informed via declaration to invite students to participate in the voluntary measurements. Permissions were collected in the form of written informed consent obtained from all students who participated in the study. The exclusion criteria were: 1) student refusal 2) Preexisting medical conditions such severe hormonal abnormalities (e.g. Cushing's disease/syndrome); diseases leading to swelling of subcutaneous tissues; diseases leading to muscle wasting; and metabolic bone diseases 3) Taking medication that might affect body indexes 4) BMI>30 kg/m 2 . Of totally 445 students roughly 40% voluntary participated (177 students). Forty-four were excluded due to the presence of the previously listed medical conditions, refusal or obesity.
Anthropometric data
Weight and height were measured by standard methods to the nearest 0.1kg and 0.1 cm, respectively. BMI was calculated and later classified as under-weight (BMI<18.5 kg/m2), normal (18.5≤BMI<25 kg/m2) and overweight (25≤BMI<30 kg/m2) (24) . Waist circumference was measured in a horizontal plane just between the iliac crest and costal margin of the lower rib to the nearest 0.1 cm (Seca201). Hip circumference was measured at the widest part over the buttocks to the nearest 0.1 cm. Participants were classified according to cutoff point 90 for waist circumference. A body shape index (ABSI) was calculated as waist circumference/(BMI 2/3 height 1/2 ) with the cutoff point 40 (13) . Wrist circumference was measured just distal to the styloid process at the wrist crease on the right arm using a tape measure. The formula r=height/wrist circumference was used to estimate body frame size. Frame size was determined as small (r>10.4, 11.0), medium (r 9.6-10.4, 10.1-11.0) and large (r<9.6, 10.1) respectively in males and females (24) . Skinfold thickness was measured on the right side of the body at four sites (biceps, triceps, subscapular, and suprailiac) using Holtain calipers (Holtain, Crymych, UK) to the nearest 0.1 cm. In all cases, two measurements were obtained and averaged; with a third measurement taken if the first two differed by 0.1 cm. The sum of four skinfolds was calculated. Subscapular/triceps ratio (STR), an index of subcutaneous adipose tissue distribution (central/peripheral), was also calculated. Mid-arm circumference (MAC) was measured to the nearest 0.1 cm between the acromion process of the scapula and the olecranon process at the tip of the elbow (midpoint of the upper arm) and mid-arm muscle circumference (MAMC) was estimated combined MAC with TSF measurements using standard methods (24) .
Bioelectrical impedance analysis (BIA)
Body composition was assessed by leg-to-leg bioelectrical impedance analysis (25) with a Tanita TBF-300MA body composition analyzer (Tanita Corporation, Tokyo, Japan). BIA measurements were done according to the manufacturer's guidelines at a frequency of 50 kHz. Participants were asked to void their bladder prior to measurement. Fat mass index (FMI) calculated as fat mass/height 2 and classified according the cutoff point of 8.2 in males and 11.8 in females (26) . Basal metabolism rate (BMR) and BMR/kg body weight were estimated by the same instrument and according to BIA derived body composition. Then, grouping was done by percent body fat and sex (15% in men and 25% in women) (24) .
Physical Activity Assessment
Physical activity level was assessed by a validated questionnaire in which nine different metabolic equivalent (MET) levels were ranged on a scale from sleep/rest (1 METs) to high-intensity physical activities (7 METs) (27) . Participants were categorized into 3 groups as low, active and very active, according to the MET values (>1.4-1.6, >1.6-1.9 and >1.9-2.5 respectively) (24) . In addition, participants were grouped as low or active/very active.
Dietary intake
Usual dietary intake was obtained using a validated 52-item food frequency questionnaire (FFQ) by trained dietitians and face-to-face interviews. Participants were asked to report their dietary intake of foods based on questions with eight choices as follows: every meal, every day, 5-6 times a week, 3-4 times a week, 1-2 times a week, every 15 days, every month, rarely and never. Dietary analysis of energy and macronutrients intake was done using a computer program BeBis (version 7.2, Pasific Compony, Istanbul, Turkey).
Blood pressure measurements
Blood pressure (BP) was measured in the morning hours (8:30 am to 11:30 am) by a trained expert. The subjects were advised to avoid tea, coffee, energy drinks, and physical exercises in the morning of the examination day until the measurements were taken. Measurements were done after resting for at least 5 minutes in a sitting position two times (with a 5-minute rest interval) on the right arm using a mechanical sphygmomanometer (model, SPENGLER, France) and the average of two BP measurements was calculated. Prehypertension and hypertension were defined, respectively, as blood pressure ≥120 and/or 80, and ≥140 and /or 90mmHg.
Statistical analysis
All statistical analyses were performed by SPSS software version 20 (SPSS Inc., Chicago, IL, USA) and a P-value < 0.05 showed statistical significance. The normality of all variables was confirmed by Kolmogorov-Smirnov test (P > 0.05) combined with normality plots. We used independent t test to compare body composition indexes, blood pressure, dietary intakes and physical activity level between two genders and all independent variables between two groups with normal and high blood pressure. The Chi-square test was used to compare the distribution of high blood pressure, overweight and levels of physical activity between males and females abnormal BP by categorical BMI, WC, ABSI, BF% and FMI. To determine associated factors with systolic and diastolic blood pressure, at first, we used age adjusted linear regression for all individual variables. Regression residual plots showed two outliers that after excluding them the assumptions of linear regression were confirmed. Multivariable regression models were performed to test the association between independent variables and blood pressure, adjusting for age, BMI, WC and fat intake. With the sample size of 133; a power value of 80% was generated.
Results
Characteristics of subjects
Overall, 133 (response rate of 75.1%, 75 males and 58 females) participants completed all measurements and the characteristics of them are presented in Table 1 . Distribution of categorical variables by genders has been shown in Table 2 . The distribution of participants according to exercise course as compulsory or optional/elective and doing exercise as professional sport were not significant between two groups (P=0.904 and P=0.635 respectively). Comparing body composition indexes, dietary intake and physical activity level between two groups categorized by normal and abnormal blood pressure showed statistical significant differences in neither males nor females (data not shown). Chi-square test for comparing the distribution of abnormal blood pressures by categorical BMI, WC, ABSI, BF% and FMI showed that the prevalence of abnormal BP especially SBP is higher in overweight persons (P=0.005 and 0.002, respectively) (Table 3 ). An increase in the mean SBP was associated with an increase in daily calorie (β= 0.19, P =0.029), protein (β= 0.19, P =0.027), fat (β= 0.22, P =0.011), fat/kg body weight (β= 0.19, P =0.029) and DBP was associated with fat (β= 0.14, P =0.040) intake. However, in each group, no associations were seen between dietary components and blood pressure (Table 4) . In addition, independent t test showed significant difference only in the cases arm circumference (P=0.040), MAMC (P=0.008), BMR (P=0.029) and, LBM (P=0.014) between the two groups with normal and abnormal BP (data not shown).
Because the variables identified to associate with blood pressure (MAMC, BMR, LBM, calorie, protein and fat intake) showed a strong significant correlation with each other (r>0.8 P<0.001) and considering these variables as cause and effect, the adjustment models did not include each of them for another. Instead, according to the studies reported the association of BMI, WC and FM with blood pressure, multivariate regression models were done for those variables (Table 7) . When adjusted for age, BMI and WC (M1), MAMC, BMR, LBM but not calorie intake were associated with SBP and DBP. After additional adjustment for fat intake/kg body weight (M2), MAMC, BMR and LBM maintained positive correlations with SBP. 
Discussion
The main finding of this study is that although BMI is associated with abnormal BP, LBM may be a more determinant factor linearly associated with BP in people with studied profile. Whereas no relationship was found between BP and other anthropometric or body composition indexes especially the distribution of body fat and WC, which have, been reported in other studies. The prevalence of pre-hypertension and hypertension was significantly higher in males (41.3% and 9.3% in males vs. 20.7% and 6.9% in females, respectively). SBP and DBP were significantly higher in males than females; that is consistent with other studies (11) . In a systematic review, the prevalence of high blood pressure varied from 0% to 45% in different elite athletes (28) and masked hypertension has been reported in 38% of male runners (23) .
Despite the established association between adiposity and hypertension development (5, 11, 12, (29) (30) (31) , we were unable to show a linear association between BMI and BP. However, the overweight participants were more likely to be hypertensive. The prevalence of abnormal BP in overweight participants was higher than in normal (73.7% vs. 39.5%) that is consistent with other studies (6, 11) . However, both SBP and DBP were higher in overweight compared to normal-weight groups; this did not reach to significant levels about DBP. On the other hand, people with elevated BP may have high levels of BMI, WC, and SFT (6) which were not seen in the present study. The association of BP with BMI, WC and BF% has been reported previously (11, 12, (29) (30) (31) . Some studies reported BMI, WC and WHR similar in degree of association with the prevalence of hypertension (3, 10) ; whereas some others as BMI more significant than WC and FM (11, 31) . A study showed ABSI as a better predictor of BP than BMI or WC (12) and a survey the ABSI less associated with incident hypertension than waist circumference and BMI (29) . The inconsistency in the results of studies may be due to e.g. the BMI is a crude index of weight for height and does not distinguish the distribution of fat in the body or LBM from FM (3) or WC may not be in all cases an appropriate surrogate for visceral fat (32) . No entry of obese people in this study may be of reasons making unable to show the relative association with obesity indexes. On the other hand, high BMI values associated with abnormal BP may be as likely to be because an individual has a high muscle-mass for their stature, the predictor seen in this study. The results of this paper agree with the findings of the few studies reported the association between LMB and BP. Those studies have been reported BMI and LBM as significant predictors of SBP and DBP (2, 16) with stronger positive correlation with the LBM index than that with FM index irrespective of gender (16) . It is possible in athletes, especially who emphasizes on building muscles, subcutaneous fat around the arm or other muscular sites would burn as a source of fuel for working muscles. This may make visceral fat, according to calorie intake, to remain or ever increase along with muscle enlargement (33) and lead to metabolic abnormalities (34) in spite of exercise or higher physical activity levels. In other words, under conditions of less subcutaneous adipose tissue, excess triglyceride may be stored in other depots, such as visceral adipose tissue, which may be more predictors of metabolic disorders (7, 14, 34, 35) . Furthermore, as the proportion of visceral fat increases, subcutaneous fat decreased (36) and may no longer be a good method of estimating body fat. Thus, the ability to retain fat in the subcutaneous depot rather than visceral and hepatic fat may be beneficial, since it is associated with reduced metabolic disorders (36) . Indeed, BMI is believed to affect indirectly blood pressure through changes in LBM. Another possibility of a relationship between LBM and BP may be related to training induced left ventricular hypertrophy (LVH) (37) . Exercise affected androgen synthesis (38) may contribute to increase LBM including heart muscle mass (39) in athletes. As, a significant negative association was shown between SBP and body FM in girls (16) which attributed to the protective effect of estrogens on blood pressure (40, 41) . On the contrary, androgens appear to be vasoconstriction and cause cardiac hypertrophy (42, 43) . Furthermore, high BP may be associated with LVH (28, 44) or a higher left ventricular mass/volume ratio (23) . In other words, LBM or MAMC in this population may be indirect indicators of heart muscle mass and heart pumping power. On the relationship between dietary intakes and BP, SBP was associated with daily calorie intake and DBP was associated with fat intake. The beneficial effects of low fat diet on both SBP and DBP have been reported earlier (45). People on low fat diet have lower BP, and the benefit was attributed to a more favorable lipid profile (46) (47) (48) . However, some others did not show the beneficial effects (49) . It seems that, according the present study, high calorie and high fat intake may be determinants of abnormal SBP and DBP, respectively. As, lifestyle changes, including a combination of caloric restriction and exercise are performed to control BP levels in obese hypertensive patients (45, 50-52).
Limitation
Despite these findings, there are a number of limitations with the present study, e.g. the cutoffs for BF% with better properties for screening hypertension had been identified 20.4% for men and 34.1% for women (53) . In our study, percent body fat ranged from 5.1 to 25.5% and from 6.7 to 40.9% with the third tertile of 16.4% and 27.07% in males and females, respectively. Lack of sample size above the identified cutoffs may be of causes not to show the relationship between body fat and blood pressure. Unfortunately, we were unable to enroll all students in this study. Therefore, voluntarily participating of invited subjects may have caused tending to miss some subjects with especial characteristics.
Conclusion
This study confirms the association of BMI with abnormal BP, but LBM may be a more determinant factor for abnormal BP in active non-obese young adults. LBM or MAMC may be indirect indicators of heart muscle mass and heart pumping power, which affects BP. The association of BMI with high blood pressure may not always be due to body fat mass but also to LBM especially in athletes or who do exercise. Thus, considering the characteristics of the target population and identifying major risk factors of abnormal BP would be important in prevention and treatment of hypertension.
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